Description of Proposed Protective System
This paper describes a novel reinforcement system for structural concrete to enhance its blastresisting properties. The reinforcement system consists of (a) a mesh structure having an outer surface and an inner surface, wherein the inner surface defines an annular space (see Figure 1) ; (b) a plurality of thin structural steel cables in contact with the mesh structure (see Figure 1) ; (c) a composite fill material, such as concrete, which resides within the annular space of the mesh structure and within the mesh structure (see Figure 2) ; (d) at least one reinforcement member which resides within the composite fill material; and (e) a composite face material which resides upon the outer surface of the mesh structure. The mesh structure may be made up of, for example, steel wire. A protective system for protecting buildings, bridges, roads and other areas from explosive devices such as car bombs and the like comprises a plurality of the above described protective structures and a plurality of support members, wherein the support members provide interlocking engagement of the protective structures to the support members. A schematic diagram of two wall panels attached to either side of a column to form a perimeter protective wall using the cable-enhanced, wire-mesh reinforcement system is shown in Figure 3 . The mesh reinforcement structure surrounds, and is embedded in, a composite fill material such as conventional concrete or any of the other non-conventional concrete slurries currently on the market. The protective structure thus created is highly ductile and capable of undergoing large deflections and absorbing the energy associated with the blast pulse of an explosion while preventing the structure from disintegrating and causing shrapnel-like pieces to be launched in all directions resulting in personal injury or property damage. Figure 4 shows the deflected shape, generated by the software VISUALFEA, of a cable-enhanced, wire-mesh reinforced concrete wall subjected to a large normal blast pulse. The reinforcement system described in this paper is a significant improvement over conventional reinforced concrete that is prone to disintegration under explosive loads.
FIGURE 4: SIMULATED DEFLECTED SHAPE OF A WALL PANEL UNDER BLAST PRESSURE
The structure is sacrificial in nature: its sole purpose is to mitigate the blast effect of the explosion by preventing the escape of the disintegrated concrete debris and by absorbing the energy of the blast, thereby minimizing the loss of life and damage to property. After the explosion, the damaged structure will be dismantled and replaced with a new protective structure.
Design Considerations for the Protective System
The deflection of the protective structure may be analogized or modeled as a combination of wires and cables in tension. Upon explosion and delivery of the blast load to the protective structure, the steel wires of the mesh structure and the interwoven cables deflect as they absorb the blast energy. Employing this model, the membrane stiffness of the combination of the mesh wire and interwoven cables (K) is defined as
where P E is the load corresponding to the elastic limit of the wire mesh structure and Δ E is the deflection corresponding to P E . The time period of oscillation of the wire mesh structure (T) in milliseconds is defined as: T = 1000/ ω (2) where ω is the frequency of oscillations in cycles per second which is defined as:
where m is the mass per foot width of the mesh structure. Using (1) through (3), various design parameters such as the wire gage, size of the mesh unit cell opening, cable gage, steel grade, etc. may be selected for various blast loads (see Table 1 ). The time period T is a critical design parameter. For a given blast event, it is expected that the time of duration of the blast will be in the order of a few milliseconds, say 5-10 milliseconds. Following well-established blast mitigation design practices [Conrath et al, 1999] , the mesh structure and the interwoven cables should be designed such that the composite system has a time period T much greater than the time of blast duration. Typically, T should be 10-20 times the duration of the blast. 
